Reliability of reactive strength index (RSI) and time to stabilization (TTS) was examined during three maximal effort depth jumps from 30cm (N=22). Measures of jump height (JH), ground contact time (CT), RSI and TTS were obtained and analyzed for reliability. The JH, CT and RSI were shown to be highly reliable from trial-to-trial (ICC single > 0.9). Time to stabilization was not reliable from trial-to-trial (ICC single < 0.5). The RSI can be used to monitor performance or to optimize the height of depth jumps. Results suggest that coaches utilizing these procedures with large numbers of athletes may be able to use a single measure of RSI rather than repeated trials. Time to stabilization reliability must be improved before attempting to use it to quantify the landing phase of plyometric exercises.
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INTRODUCTION:
Plyometric exercises have been demonstrated to improve power output (Luebbers et al. 2003) , agility (Miller et al. 2006 ) and running economy (Saunders et al. 2006) . Depth jumps are one of the most commonly used plyometric exercises and have been frequently used in the literature (Bobbert et al., 1987; Luebbers et al. 2003; Read & Cisar, 2001) . A depth jump requires the athlete to step from a measured drop height and, upon landing on the ground to perform a maximal effort vertical jump, with a short ground contact period. The RSI has been developed as a mechanism to monitor the stress on the musculo-tendinous complex during plyometric exercises such as depth jumps (McClymont & Hore, 2003) and describes an individual's ability to explosively transition from an eccentric to concentric muscular contraction (Young, 1995) . The index can be used to monitor progress in plyometric training or to provide recommendations for optimal depth jump height (McClymont & Hore, 2003) . While the RSI describes the performance of the athlete during the jumping phase of a depth jump, the nature of the landing from such a jump can also be quantified. Time to stabilization (TTS) is a recently developed measure of neuromuscular control that incorporates sensory and mechanical systems to complete the task of a landing after a jump (Wikstrom et al., 2004) . The TTS can be calculated by measuring the time taken for vertical ground reaction force to reach and stabilize, within 5% of the subject's body weight, following the landing from a jump (Wikstrom et al., 2004) . The purpose of the current study was to examine the trial-totrial reliability of the RSI and TTS in the jump-landing task of depth jumps. This has not been established in the literature. Establishing the reliability of the RSI would allow coaches to use this variable in the preparation of their athletes with confidence in its reliability. Similarly it would allow researchers to use the RSI to quantify the jumping phase of plyometric exercises. Establishing the trial-to-trial reliability of the TTS measure opens up the possibility for researchers to use this variable to quantify the landing portion of plyometric jumps which has not been extensively examined in the literature.
METHOD:
Twenty two NCAA Division -I athletes who participated in track and field were recruited to participate in this study. Subjects characteristics were as follows: age (mean ± S.D.) 20.4 ± 2.4 years, height 175.6 ± 9.1 and mass 92.8 ± 17.2 kg. The University's research ethics committee approved the study and all subjects provided signed informed consent.
Procedures: Subjects performed a standardized warm-up prior to the collection of data. Following the warm-up subjects performed 3 DJ on a force platform from a height of 30cm. A one minute rest interval was maintained to ensure sufficient recovery between jumps For the DJ, subjects were instructed to step forward off the box without stepping down, or jumping up and upon contact with the force platform to jump as high as possible and as quickly as possible. For determination of the measure of TTS subjects were instructed to ''stick'' their landing and to stabilize as quickly as possible, while facing straight ahead and remaining motionless for a period of 7 seconds. Arm position was not controlled throughout the jumping and landing movements as it was desired to keep the plyometric activity as close as possible to that experienced in the training environment. After performing the depth jumps subjects were instructed to stand motionless on the force platform and their body mass was measured. Ground reaction force measurements were obtained for each jump using an AMTI force plate sampling at 1000 Hz. Using the acquired ground reaction force traces, the points of initial ground contact, take-off and landing were identified. Flight time (FT) was calculated as the time between take-off and landing. Jump height (JH) was calculated as (9.81 * FT 2 )/8. Ground contact time was defined as the time between the point of initial ground contact and take-off. The reactive strength index (RSI) was calculated as JH divided by CT. Vertical TTS was established as the time from the point of landing to when the vertical force component reached and stayed within 5% of the subject's body weight for a 1-second duration (see figure 2).
Statistical Analyses:
All statistical analysis of the data was carried out in SPSS © (Version 13.0). Trial-to-trial reliability analysis of recorded variables used both single (ICC single ) and average (ICC ave ) measures intra-class correlations to absolute agreement. A repeated measures ANOVA was used to determine possible differences between trials. The criterion for significance was set at an alpha level of p ≤ 0.05. The dependent variables were JH, CT, RSI and TTS.
RESULTS AND DISCUSSION:
Table 1 presents the trial-to-trial reliability of all variables measured in the DJ. Jump height and CT were shown to be highly reliable from trial-to-trial (ICC ave > 0.95, ICC single > 0.9). As these two variables constitute the measure of RSI, analysis of this variable also demonstrated high reliability (ICC ave = 0.99, ICC single = 0.97). Time to stabilization was not reliable from trial-to-trial (ICC ave = 0.69, ICC single = 42) The reactive strength index was determined to be highly reliable in the DJ. Despite the increasing use of RSI in the practical and research setting, this finding had not previously been established in depth jumps. The intraclass correlations revealed RSI to be highly consistent for single measures. This is an important finding for strength and conditioning coaches or researchers working with large numbers of athletes at a time. Conducting only a single trial from each depth jump height, rather than repeated measures can save significant time and allowed more athletes or subjects to be accommodated. Thus RSI is a quick and convenient tool to use in the practical setting to monitor plyometric progress or to optimize drop heights in depth jump training or in the research setting to quantify the jumping phase of plyometrics.
The mean TTS observed in the present study of 0.97 ± 0.46 s is considerably lower than data reported by Wikstrom et al. (2004) of approximately 2.2s. This difference in difficulty of landing is likely due to the protocol of Wikstrom et al. (2004) incorporating a single leg landing while in the current study a two legged landing was used. This finding suggests that the landing task in the present study was easier than that utilized by Wikstrom et al. (2004) . Yet, despite this decreased difficulty, poor trial-to-trial reliability was observed in TTS. The major methodological factor that may have negatively influenced the reliability of the measure of TTS is the habituation period given to the subjects in the current study. Subjects were afforded only one practiced repetition of the protocol prior to data collection. Ross et al. (2005) and Wikstrom et al. (2004) both allowed subjects repeated practice trials before beginning the actual experimental trials. Another aspect that may have contributed to the lack of reliability observed was that arm position/movement was not controlled throughout the jumping and landing movements. Movement of the upper extremities following a successful landing could disturb ground reaction forces to an extent that might shift the subject outside the ± 5% window of stability despite having landed and balanced successfully.
CONCLUSION:
This research demonstrated that the RSI, CT and JH are reliable measures as assessed during depth jumps from 30cm. The RSI can be used to optimize the height from which depth jumps can be performed or to monitor plyometric training performance. This data suggests that for coaches attempting to conduct this process with large numbers of athletes, it may be sufficient to take just a single measure of RSI from each drop height, rather than repeated trials. Time to stabilization could potentially be a useful tool for strength and conditioning researchers to attempt to quantify the landing phase of plyometric exercises, which has not been thoroughly investigated in the literature. However, the methodological procedures used in the present study produce a measure of TTS which is not reliable amCnd thus renders it unsuitable for use in the research setting. To improve reliability, subjects should be instructed to place their hands on their hips upon landing and be given more practice trails
